Background: Although vaccination of pregnant women against influenza is recommended, the vaccination rate remains low. We conducted a study to identify determinants of influenza vaccination uptake in pregnancy in order to identify strategies to improve seasonal influenza vaccination rates. Methods: Prospective observational hospital-based study in the French hospital performing the highest number of deliveries, located in the city of Lille, among all women who had given birth during the 2014-2015 influenza season. Data were collected through a self-completed questionnaire and from medical files. The vaccination uptake was self-reported. Determinants of vaccination uptake were identified using logistic regression analysis. Results: Of the 2045 women included in the study, 35.5% reported that they had been vaccinated against influenza during their pregnancy. The principal factors significantly associated with greater vaccination uptake were previous influenza vaccination (50.9% vs 20.2%, OR 4.1, 95% CI 3.1-5.5), nulliparity (41.0% vs 31.3%, OR 2.5, 95% CI 1.7-3.7), history of preterm delivery < 34 weeks (43.4% vs 30.3%, OR 2.3, 95% CI 1.1-4.9), the mother's perception that the frequency of vaccine complications for babies is very low (54.6% vs 20.6%, OR 1.1, 95% CI 0.5-2.2), the mother's good knowledge of influenza and its vaccine (61.7% vs 24.4%, OR 3.1, 95% CI 2.2-4.4), hospital-based prenatal care in their first trimester of pregnancy (55.0% vs 30.2%, OR 2.1, 95% CI 1.2-3.7), vaccination recommendations during pregnancy by a healthcare worker (47.0% vs 2.7%, OR 18.8, 95% CI 10.0-35.8), receipt of a vaccine reimbursement form (52.4% vs 18.6%, OR 2.0, 95% CI 1.5-2.7), and information from at least one healthcare worker about the vaccine (43.8% vs 19.1%, OR 1.8, 95% CI 1.3-2.6). Conclusions: Our findings suggest that in order to increase flu vaccination compliance among pregnant women, future public health programmes must ensure cost-free access to vaccination, and incorporate education about the risks of influenza and the efficacy/safety of vaccination and clear recommendations from healthcare professionals into routine antenatal care.
Introduction
Seasonal influenza is a common and contagious illness with an annual attack rate estimated at 5-10% in adults [1] , pregnant women being at increased risks of morbidity and death [1] , even those with no comorbidities [2] .
Seasonal influenza vaccination during pregnancy reduces the risk of an influenza diagnosis by 50% [3] . It also confers effective protection up to the age of 6 months for newborns whose mother was vaccinated during pregnancy [4] with a reduction of 63% in influenza cases and of 29% in episodes of febrile respiratory illness [5] . A review of 15 years of surveillance data covering 750 million doses of the vaccine in the United States revealed no data that raised concerns about its safety in general population [6] , neither for the foetus nor the mother, as showed by other studies [7] [8] [9] [10] . As a result, the World Health Organization (WHO) [11] , the American College of Obstetricians and Gynecologists and the Centers for Disease Control and Prevention (CDC) [12] , recommend seasonal influenza vaccination for pregnant women, regardless of gestational age.
Several previous studies have identified factors affecting pregnant women's decisions about whether to get a seasonal influenza vaccination [13] [14] [15] [16] [17] . Despite this, the vaccination coverage in pregnant women remains very low: 7% in France in 2016 [18] , 45% in England in 2017 [19] , and 37% in the US in 2017 [20] and lower than the Healthy People 2020 target of 80% [21] . Therefore, to explore why the vaccination coverage remains very low, we conducted one of the largest cohort studies on this topic to date to evaluate women motivations to be vaccinated or not. We also investigated a large number of possible determinants, in order to find strategies to improve seasonal influenza vaccination rate.
Material and methods

Study design and sampling method
We conducted a prospective single centre observational study during the 2014-2015 influenza season in a level-III University maternity unit in Lille, France, with an approximate birth rate of 5000 births/year. In France, women must obtain a prescription and a reimbursement form from their general practitioner or antenatal care provider, purchase the vaccine from a drugstore and the vaccine may then be administered during another appointment with the healthcare worker conducting the antenatal care or by a nurse at home. The vaccine is cost-free if the woman provides the drugstore with a reimbursement form. Eligible women for the study were all the women giving birth in our maternity unit and having received prenatal care during the 2014-2015 vaccination campaign between November 17, 2014, and June 5, 2015. The study excluded those younger than 18 years, or who did not speak French, or had a contraindication to the influenza vaccination, or refused to participate. For all participants written consent was obtained.
Variables considered in our study
The outcome of interest was seasonal influenza vaccination uptake, reported by the pregnant women as part of a self-completed questionnaire. Data were collected from medical forms and from a self-completed paper questionnaire (see Additional file 1 and Additional file 2)offered by the clinical staff to all eligible women during their postpartum hospitalisation. Variables considered as possible determinants of vaccine uptake were Data about maternal sociodemographic characteristics, maternal medical characteristics before pregnancy, and characteristics of this pregnancy were extracted from the medical forms. Prenatal care and maternal knowledge about influenza and its vaccine were extracted from the selfcompleted questionnaire. The questionnaire was adapted from the questionnaire used by Yudin et al. to assess women's knowledge of influenza and its vaccination [23] .
We also created a "knowledge score" about this disease and its vaccine before the study with a multidisciplinary group of experts including obstetricians, infectious disease specialists, general practitioners, and statisticians from the potential responses to the self-completed questionnaire (see Additional file 3). The score ranged from 0 to 9 points and a woman was considered to have good knowledge when her score was higher than the last quartile of the score distribution, that is, a knowledge score greater than 5.4/9 in our study.
Statistical analyses
To identify determinants associated with vaccination uptake, we conducted bivariate and multivariate logistic regression analysis. Dependent variables included in the regression model were those previously described as determinants of vaccine uptake in scientific literature or associated with vaccination uptake in bivariate analysis with a p-value less than 0.20. We have calculated variance inflation factor to check for multicollinearity and all the variables have a VIF < 2.0. In order to evaluate if the profession of the healthcare worker recommending the vaccination was a relevant factor, we conducted an analysis only on women to whom vaccination had been recommended during pregnancy. Percentages were compared using the chi-2 test or Fisher's exact test, depending on the number of individuals. We calculated adjusted odds ratios (aORs) with their 95% confidence interval (95% CI). The difference was considered significant if p < 0.05. The analyses were performed with STATA software version 13.0.0 (Copyright 1985-2013 StataCorp LP, StataCorp, College Station, TX, USA).
Our study adheres to the STROBE guidelines. The CEROG (committee for ethics in research in gynaecology and obstetrics, n°CEROG OBS 2014-11-01) approved of this study.
Results
Of the 2862 women who gave birth during the inclusion period, 370 did not receive the questionnaire (12.9%), 138 were excluded from the study (5.5%), 216 women received the questionnaire but did not return it (9.2%), and 24 women did not answer the question about their influenza vaccination. Therefore, 2045 women (86.9%) were included in the analysis (Fig. 1) .
One third of the women questioned (35.5%) reported they had been vaccinated against seasonal influenza during their pregnancy. Table 1 presents the maternal factors associated with this vaccination. Women were vaccinated more often if they had at least one comorbidity (40.0%), if they had previously been vaccinated against influenza (50.9%), especially during a previous pregnancy (92.0%), and if they were nulliparous (41.0%). Higher vaccination rates were also observed for women who perceived influenza as a common disease (37.6%), or its vaccination as having a very low rate of complications for mothers (52.3%) or babies (54.6%), and when they had good knowledge about influenza (61.7%). Note that educational level and severe obesity (BMI > 40 kg/m 2 ) were not associated with vaccination.
The prenatal care factors associated with vaccination ( Table 2) were hospital-based prenatal care in their first trimester of pregnancy (55.0%), having received a vaccination recommendation (47.0%), especially by a general practitioner (57.3%) or a midwife in private practice (54.3%), receipt of a vaccine reimbursement form (52.4%), or information from a healthcare worker (43.8%). Women motivations to be vaccinated or not are summarised in Table 3 . The major motivation to be vaccinated was that the vaccine protects the baby (83%) and at the second place that the vaccine protects her (73%). A third of the vaccinated women claimed as motivation that they had received sufficient information about the benefits of the vaccine. However, there was a variety of reasons to not be vaccinated: some did not have enough information about the benefit and risk of the vaccine (32%), some were rather "against" vaccines in general (26%) and others were scared for the baby's health (24%). 
On logistic regression analysis (
Discussion
Our study examined the potential determinants of the influenza vaccination uptake amongst pregnant women in a single centre in France. Overall, our findings highlight the importance of the healthcare worker in vaccination uptake. Indeed, vaccination recommendation by a healthcare provider strongly influence vaccination uptake (aOR 19). In addition to making a recommendation, the influence of healthcare worker was also vital in educating women about the influenza and the vaccine and providing reimbursement form.
Indeed, among factors that may be modified to improve the vaccination rate, we found, similar to other authors, that several are related to knowledge and perception of influenza, its vaccine and its potential complications [13-15, 17, 23, 24] . Moreover, our study found that protecting the baby against influenza was the leading motivation for vaccination among those pregnant women who were vaccinated (83%). In a systematic review of the literature on the subject, 41% of the articles studied found that vaccine safety was a major concern among pregnant women, for all vaccines combined [25] . Furthermore, our study demonstrates the role of healthcare professionals as an essential source of information for the pregnant women who are vaccinated. Inversely, sources of information such as television, radio, the print media, the internet, family and friends are associated with lower vaccination rates in our study and in the literature [13, 25, 26] . Conversely, good knowledge of influenza and its vaccine was closely associated with vaccination among the women questioned in our study. This should provide incentives to implement measures to improve the quality of information provided to women by healthcare worker [15, 27] .
Concerning the major impact of the recommendation and provision of the reimbursement form by healthcare worker, our results are corroborated by the data from the literature: an analysis by the CDC for the 2016-2017 influenza season in the US showed that the vaccination rate among pregnant women reached 70.5% among women whose providers recommended and offered the vaccination, 43.7% when the vaccine was recommended but not offered, and 14.8% when it was neither recommended nor offered [20] (53%, 35 and 2% in our study).
In France, women must obtain a prescription from their GP or antenatal care provider, purchase the vaccine, and subsequently attend again to receive the vaccine. This process may be a significant barrier to the vaccine uptake. Several experiments are in process in France to study if getting the vaccine without prescription and injecting it at the same time in the drugstore can improve the vaccination coverage.
We found several other factors associated with increased vaccination rate but not easily modifiable by a public health program such as nulliparity [15, 17] , history of preterm delivery or hospital based prenatal care in their first trimester of pregnancy [15, 28] .
So, our study highlights the importance of incorporating education about the risk of flu and the safety/efficacy of vaccination into routine antenatal care. The pregnant women need to know that the vaccine protects them All answers possible except healthcare workers: the media, discussion groups, family and friends, health authorities, and others ¥p value was calculated by multivariate logistic regression analyses £ Only women who had received a vaccination recommendation were analysed (n = 1300) and their newborns from influenza infection and that there are very few vaccine complications for them and their babies. Our study suggests that this simple message delivered by a healthcare worker can improve the vaccination uptake.
Implications for future practice and research
Our study suggests that in order to increase influenza vaccine compliance among pregnant women, two principal actions should guide prenatal care policies: information about influenza and its vaccine by healthcare workers and cost-free access to the vaccine. As the role of professionals appears central, it would be useful to conduct a study in order to assess their knowledge and opinions about this vaccination and to help them to improve their practice by incorporating education about influenza vaccination during their routine antenatal care.
Strengths and limitations
On the one hand, the prospective nature of our study, the number of women included, the high participation rate (87%), and the use of a self-completed questionnaire enabled us to limit the potential for bias as much as possible. On the other hand, its single-centre nature could have induced recruitment bias, and the responses cannot be taken as representative of all pregnant women. Another limitation might be that our participants were all recruited from a university hospital, and that our sample may therefore be missing subsets of the population that tend to be more anti-vaccination or receive less education, so future studies might benefit from recruiting over a wider geographical area and from different types of sites. Finally, vaccination status was reported by the women and there is therefore potentially susceptible to reporting bias, which has been partially corrected by checking the women's medical records.
